The investigation represents the study of the possibility of using a new adsorbent, i.e. a natural waste material (short cotton fibers from weaving mill), after physical and chemical modification, in the processes of removing disperse dye molecules from water. The aim of the study is to use the obtained results in practice, i.e. to find out a new system for discoloration of the liquid effluent from dyeing of synthetic textiles. The obtained adsorbent is in the form of a relatively finely dispersed material with heterogeneous porous particles, below 100 μm. The adsorbent infrared spectrum shows specific peaks corresponding to functional groups typical for this type of material. Disperse dye is adsorbed faster at the beginning, and slower later until the equilibrium concentration is established. After the transformation of cotton waste fibers, the yield of the new adsorbent is 45%. The amount of adsorbed dispersed dye per weight unit of adsorbent is increased with the adsorption process duration.
Introduction
The intensive development of the textile industry is accompanied by the increasing quantity of wastewater, which in terms of environmental protection and sustainable development requires the need to improve the existing and introduce new wastewater treatment processes [1, 2] .
Special scientific and technological attention requires textile dyes, some of which are very difficult to degrade in nature. Certain dyes are susceptible to bioaccumulation and due to harmful properties they often threat human health and the environment. The application of physicochemical methods for removing textile dyes from wastewater is often restricted by high costs, the need for disposal of the resulting harmful sludge or the formation of toxic degradation components [3, 4] .
An adsorbent of natural origin adsorbs a large number of organic and inorganic substances from the water, removes the unpleasant smell and taste, and reduces turbidity and hardness of water. It also binds microorganisms and products of their activity, as well as residues resulting from their decomposition by other techniques. Such adsorption capacity of adsorbents is explained by highly developed porosity and a chemical reactivity of its surface [5, 6] .
The study includes two researching areas. The first one is relating to the functional modification of waste cotton and the production of a natural adsorbent, while the other one concerns the adsorption of a disperse textile dye which could be a potential waste after dyeing of synthetic textile.
Therefore, a significant amount of the solid waste from the weaving mill should be reduced and used to produce a usable product-adsorbent, as well as to remove textile disperse dye from the water.
Experimental
The used material Short waste cotton fibers from the textile industry were used for the adsorbent preparation. Cotton waste samples were collected in the weaving mill. One gripper loom during operation in one shift produces the waste cotton fibers in the amount of 170-200 g.
Waste water models were prepared using disperse dye C.I. Disperse Red 167 M(C 22 H 24 ClN 5 O 7 ) = 505.9 g·mol -1 ) and the structure is shown in Fig. 1 . The process of obtaining the adsorbent Collected waste cotton fibers were washed with detergent (4 g·dm -3 ) in warm distilled water (60 °C, bath ratio 1:100), dried and treated with concentrated phosphoric acid (85%, Tehnohemija Serbia), for 48 h at room temperature (18-20 °C, ratio: 1 g of waste : 5 g of acid). After the treatment and squeezing, the sample was dried at 100 °C for 3h. Further, the sample was packed in an aluminum foil and burned in the oven at 450 °C for 2h. After cooling in the air, the sample was rinsed with distilled water and neutralized (sodium carbonate, Tehnohemija, Serbia). Finally, the sample was dried (100 °C) and ground, and used in the experimental adsorption of disperse dye from the water solution.
Adsorption procedure The adsorbent was suspended in the solution of disperse dye (adsorbate) in reaction vessels. Adsorption took place using a stirrer with the rotation movement (130 min -1 ) at 20 °C for a specified time. The quantity of adsorbent was 1 g constantly, while the solution of the constant quantity of 100 cm 3 contained disperse dye of various concentrations: 20, 40, 60, 80 and 100 mg•dm -3 . The processing time with constant stirring was 3, 6, 10, 20 and 30 min. All experiments were performed at pH 3 of the solution.
The above dye concentrations were used because they mainly correspond to residual quantities of the same type of the dye in the solution, after commercial dyeing of synthetic textile material. The equilibrium adsorption time was 30 min.
Upon the completion of the adsorption process, the aliquot of the dye solution was used to measure the absorption on the spectrophotometer. The unknown quantities of the dye in the solution after adsorption were determined by using calibration curves .
Measuring methods
• Mass loss of the cotton waste after washing with detergent was calculated according to equation (1): ...... (1) • Yield of adsorbent was calculated by using equation (2) • Ultraviolet-visible spectrophotometer (Cary 100 Conc UV-VIS, Varian) was used to measure the absorbance. The spectrum of the disperse dye solution shows a max peak at 600 nm, so the absorbance is measured at the wavelength.
• Scanning electron microscopy (SEM) JEOL JSM -6610LV applying acceleration voltage of 20 kV, was used for analyzing of the adsorbent surface morphology.
• Fourier-transform infrared spectroscopy BOMEM Hartmann & Braun MB Series in the range of wave numbers 4000-400 cm -1 was used. Potassium bromide tablet technique was used to get infrared spectrum.
• Efficiency of the dye removal or an exhaustion degree was calculated according to equation ( (3) where: C0 and C are the initial and final concentration of the dye solution, respectively.
• The amount adsorbed of the dye per mass unit of adsorbent after time t was calculated by using equation (4) [7 (4) where: C0 is the initial adsorbent concentration (mg•dm -3 ), Ct is the sorbent concentration after adsorption time t (mg•dm -3 ), w is the mass of adsorbent (g) and V is the volume of the adsorption solution (dm 3 ).
Results and discussion
Basically, a concrete research is a study of the possibility of using the natural waste material (short cotton fibers from the weaving mill), after physico-chemical modification, in the processes of the adsorption-removal of dye molecules from water.
The mass loss after washing the raw cotton waste amounts to about 11%. The yield after transformation of cotton waste fibers into the adsorbent, according to the applied procedure, is about 45%.
Characterization of adsorbent
The surface morphology of the obtained adsorbent, with a magnification of 250x, is shown with a micrograph (Figure 2 ). The used adsorbent is a relatively fine bulk material with heterogeneous porous particles, of various shapes and forms, generally smaller than 100 μm. Depths of larger particles contain pronounced cracks, cavities and channels that form the basis of the microporous material. Similar visual porosity is typical in other adsorbents and is recognized by the presence of particles of a very irregular shape, a high degree of amorphization, and a large number of voids in the interior. Pores are different in the shape and accessibility to the adsorbent molecules, which is associated with the fact that they can be closed, open at one or both ends, and isolated or interconnected.
It is assumed that dye molecules penetrate relatively easily into the interior of the particles through the pores and channels, where they are adsorbed into a number of internal active centers. The porous structure of the surface facilitates dye diffusion into the interior of the pores, as it was observed in other studies [8] . corresponded to stretching ν(C-H) vibration of the alkene group. The peak at 1703 cm -1 showed the carbonyl stretching ν(C=O) vibration, whereas the peaks at 1618 cm -1 and 1457 cm -1 showed the alkene (variable band) and aromatic stretching ν(C=C) vibrations, respectively. Similarly, C-H group of the benzene ring and aromatic alcohol were allocated at 728 cm -1 and 617 cm -1 , whereas 552 cm -1 represented the outer of plane bending of C-O bonds of alcohols [8, 9] . Adsorption of disperse dye on the adsorbent-effect of various parameters The nature of decolorization is closely related to the acid-base properties of the applied adsorbent surface. It is known that the surface of the adsorbent obtains a positive charge from the adsorbable hydrogen ion (H + ) after immersing in water. With low pH and the increase of H + ions concentration, the adsorbent surface intensively receives a positive charge. In the particular case, the maximum adsorption occurs at pH 2-3 for disperse dye solutions, which is a highly acidic environment ( Figure  4) . The disperse dye ionizes in the acidic environment in aqueous solutions. The higher absorption of the dye to the adsorbent, which is obtained at a very acidic pH, could be attributed to electrostatic interactions between the positively charged adsorbent and the negatively charged anion of the disperse dye [10] . 
t, min
The effect of the contact time on the removal of the disperse dye by the adsorbent is graphically depicted in Figure 5 . It is noticeable that with the duration of the dyeing process, the dye concentration in the solution is reduced, which is expected and slightly intense with higher initial dye concentrations. This can be explained by the fact that at the beginning the dye ions are adsorbed by the outer surface of the adsorbent. When the adsorption of the outer surface reaches saturation, the dye ions will also be adsorbed into the interior of the particles [10] .
The adsorption efficiency depends on several parameters: temperature, pH, mechanical mixing, dye diffusion speed, etc. The selected disperse dye has poor solubility, which reduces its substantivity for the aqueous phase since the dye may show a greater tendency towards the fiber or some other adsorbent [10] .
If changes in the amount of the dye for the same time are observed for the initial concentration of 20 mg·dm -3 after 10 min, the dye concentration in the solution was 7.8 mg·dm -3 for the initial concentration of 60 mg·dm -3 , that is 30.6 mg·dm -3 while for the maximum initial concentration it was 60.9 mg·dm -3 . According to the diagram (Figure 6 ), it is noticeable that the amount of removed dye after adsorption increases with time, which is expected to be slightly higher at lower initial concentrations of the disperse dye. In all initial dye concentrations, a slightly intense change was observed in the first 10 min of adsorption, while in the subsequent adsorption period, this change was less pronounced. Figure 7 shows a change in the adsorbed amount of the dye per unit mass of the adsorbent over time, for different initial dye concentrations. The diagram in this Figure shows that the amount of the adsorbed dye per unit mass of the adsorbent increases with the duration of the adsorption process.
In a more detailed analysis of the changes, it was observed that at the concentration of 20 mg•dm -3 , q t is 1.67 mg•g -1 , at 60 mg•dm -3 q t is 4.21 mg•g -1 , and at the end, at 100 mg•dm -3 , q t is 6.00 mg of the dye per 1 g of the adsorbent. The effect of the initial concentration of the dye on its exhaustion or the quantity of the removed dye is checked in the concentration range of 20-100 mg•dm -3 (Fig. 8) . By increasing the initial dye concentration, the dye exhaustion is reduced although the actual amount of the dye adsorbed per unit mass of the adsorbent has increased with the increase of the initial concentration. The initial concentration of the dye in the solution gives it an important driving force to overcome the mass transfer resistance between the aqueous and solid phase. The initial color concentration does not affect the time required to reach the equilibrium, but rather determines the speed of the dye mass transfer through the solution onto the surface of the adsorbents with the same mass, as the stirring speed is constant.
According to the curves in the diagram, the dye exhaustion is highest at smaller initial concentrations. The calculation showed the opposite. The exhaustion is actually the highest at the highest initial concentrations.
For example, according to the results in Figure 8 , after adsorption on the adsorbent: 
Conclusion
For the adsorption of molecules of the disperse dye from the water solution, the adsorbent obtained from waste fibers was used. The resulting product can serve as a productive, simple and inexpensive way to, for example, decolorization of the effluent from the textile industry. A couple of interesting data came to light in the adsorption study. The mass loss after washing of the raw cotton waste amounts to 11%. After modification or transformation of cotton waste fibers into the adsorbent, the yield is 45%. The adsorbent is a relatively fine bulk material with heterogeneous porous particles of various shapes and forms, generally less than 100 μm in size. The infrared spectrum of the adsorbent has characteristic peaks corresponding to functional groups typical of such adsorbents.
Large differences in the dye adsorption, in the function of the solution pH show that this parameter is of more importance for the adsorption of the applied dye. The disperse dye is more quickly adsorbed at the beginning and then slower, to achieve the equilibrium concentration after 30 min, after which there are no significant changes in the residual dye concentration in the solution. The amount of the adsorbed dye per unit mass of the adsorbent increases with the duration of the adsorption process. By increasing the initial dye concentration, the dye exhaustion is reduced in all cases, although the actual amount of the dye adsorbed per unit mass of the adsorbent increases with the increase of the initial concentration.
